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Abstnict� 
The Generalized Watershed Loading Functions model was applied to the Sodus East 
Creek watershed to predict streamflow and sediment and nutrient loads. Actual discharge 
and sediment and nutrient loads were measured by conventional hydrologic and chemical 
techniques. During a two year period, the model explained 44 % of the total monthly 
' ,, 
variability in discharge. Total discharge was underestimated by an average of 74%. 
Potential factors contributing to the underestimation of discharge were investigated and 
assessed accordingly. Factors investigated were precipitation measurement, discharge 
measurement, aquifer locations, watershed characteristics and model performance. Analysis 
of these factors suggested that model inaccuracy was not the result of a single factor but 
rather multiple factors, both hydraulic and model related. 
.. 
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Introduction 
Sodus Bay lies halfway between Rochester and Oswego in Wayne County, NY (Figure 
1). Based on mean chlorophyll (17.99 mg/m3 ) and total phosphorus, P04 , (257.8 mg/m3 ) 
concentrations in the summer (Makarewicz et al. 1991), the bay is considered to be eutrophic. 
The high productivity of the bay is probably related to the intensive agricultural practices 
within the county. Several studies elsewhere have shown the positive correlation of 
agricultural land use to phosphorus levels in streamflow (Dillon and Kirchner 1975; Alberts et
al. 1978; Hill 1981). In the late 1980's various organimtions became concerned over 
degrading water quality in Sodus Bay. In response, the Wayne County Soil and Water 
Conservation District, in conjunction with SONY Brockport, developed a program to identify 
and control nonpoint source pollution (Williams 1991). 
· An intensive monitoring program was initiated on the six major tributaries entering the
bay. This program identified Sodus F.ast Creek as the major contributor of nutrients to the 
bay. Annually the creek contributed 92 % , 77 % and 97 % of the total phosphorus, total 
nitrogen and total suspended solids entering Sodus Bay (Makarewicz et al. 1991). Most of 
these materials enter the bay during meteorologic events when surface runoff and erosion are 
high, perhaps due to poor management practices. 
A recommendation of the water quality monitoring program was to develop a 
simulation model for Sodus Bay (Makarewicz et al. 1991, 1992). If validated, this model 
,. 
could be used to predict the results of Best Management Practices without extensive field 
xperimentation. However, previous work with the Generaliz.ed Watershed Loading 
unctions (GWLF) model on two watersheds produced mixed results. The model was 
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successfql in. the 85,000 h�tare W�t Branch Delaware Riv� watershed (IJclith an.d Shoemaker 
J987) predi�ting 90% of the observed monthly variation in nitrogen· and phosphorus fluxes. In 
qont.nJst, the model only explained an average 42 % of the monthly variations in nutrient fluxes 
on th� 4500 hectare Kendig Creek watershed (Haith 1992). In this study, I attempt to validate 
GWLF m�el predictions with field data from the Sodus �t Creek watershed. 
Methods 
Model Description 
There are three components to the Generalized Watershed Loading Functions program 
system. The first component consists of eight data files edited by the user. The first six 
files contain physical and chemical info11Mtion sped.fie to the study. These include 
infont1AtiQt1 op htnd,uses, soils, UniversaI..Soil.. Loss Equation (USLE) ,parameters, runoff 
cy.rve numbers· and nutrient �ncentrations (Appel)� A). , The other. two files are. a 
water�ed and weather file.. The watershed file is a data base for the -watershed ·of study, 
while �· weather file contains daily temperature .(°C) .and precipitation. (cm) for the area 
(4\.ppendix B). 
The second component is the input genc.rator program. This .program reads the 
wate�ed file a.n<l correlates it to the sjx files with.physical and chemical parameters. The 
progrart1 calc\l]Ates jU'ea weighted averages fo.r .runoff ·curve numbers, evapotranspiration 
coefficients, USLE ,factors and runoff nutrient CQJlcentrations for each land use._ These 
calculations can be done.manually but the input generator is designed to calculate. and assign 
input parameters from large amounts of detailed watershed data. (Massirer 1989),. 
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:rhe third component is the GWLF model. The model utilizes the transport and 
nutrient information along with daily weather data. The mathematics of GWLF are described 
in detail next. 
Streamtlow 
Streamflow is the sum of total watershed runoff plus groundwater flow from the 
shallow saturated wne. Soil moisture is divided into the unsaturated, shallow saturated and 
deep saturated wnes (Haan 1972). Daily water balances for the unsaturated and saturated 
zones for day "t+ 1" are: 
Ut+ 1 = Ut + Rt + Mt - Qt - Et - Pet 
St+ 1 = St + Pet - Gt - Dt 
In these equations·, Ut and St are the unsaturated and saturated wne soil moistures at the 
beginning of day t. These soil moisture levels are estimatea for the beginning of the model 
simulation. Rt, Mt, Qt, Et, Pet, Gt and Dt are rainfall, snow melt, watershed runoff, 
evapotranspiration, percolation into shallow ·saturated wne, groundwater discharge to stream 
and deep seepage flow on day t (Haith and Shoemaker 1987). 
Runoff (Q) is summed· from all rural and urban sources by the Soil Conservation 
Service's Runoff Curve Equation (Ogrosky and Mockus 1964). The curve number represents 
the relative value of the hydrologic soil-cover complex in producing direct runoff (Storey et al.
1964). It is selected as a function of the antecedent moisture for the five previous days. 
Three moisture conditions are selected for, 1 (driest), 2 (average) and 3 (wettest). The curve 
number is a function of season and antecedent moisture condition. The higher a curve 
3 
number, the more potential runoff. The antecedent moisture condition criteria for curve 
number selection is as follows (Ogrosky and Mockus 1964). 
Antecedent moisture 
condition class 1 
5-day antecedent rainfall, inches 
Dormant Season Growin� Season Less than 0.5 Less than 1.4
0.5 to 1.1 1.4 to 2.1
Over 1.1 Over 2.1
The curve number is used to calculate potential infiltratiori "S". The curve number is 
functionally related to "S" as follows: 
s + 10 = 1000 CN 
Where storm rainfall before runoff is: 
ia = 0.2S 
Where potential runoff is defined as: 
Runoff (� is: 
Pe= P -Ia 
Q = -1!1:.2_Pe+ S
Evapotranspiration is given by: 
Et= CVtPEt 
CN = curve number for moisture condition 
S = potential infiltration in inches 
Ia = all storm rainfall before runoff 
occurs 
Pe = potential' runoff 
p = rainfall 
Q = actual direct runoff in inches 
CVt is the cover coefficient and PEt is the potential evapotranspiration given by Hamon (1961) 
PEt = (0.021 Ht2 et) 
(Tt + 273) 
4 
2 
3 
Ht is the number of daylight hours per day, "et" is the saturated vapor pressure in millibars 
and Tt is the temperature in degree centigrade on day t. 
Rainfall (Rt) and snowmelt (Mt) are estimated based on daily precipitation and 
temperature data. Precipitation is assumed to be snow when Tt < 0. Snowmelt is calculated 
using the degree-day equation (Haith 1985). 
Mt = 0.45 Tt, for Tt > 0 
Percolation occurs when the unsaturated zone exceeds field capacity. 
PCt = Max: Ut + Rt + Mt - Qt - Et 
Groundwater discharge and deep seepage are as follows. 
Gt= r St 
Dt = s St 
The valu� "r" is the groundwater recession coefficient as determined by hydrograph separation 
techniques (Chow 1964). It is the water that seeps out of the shallow saturated zone to become 
streamflow. The "s" is the deep seepage coefficient which is that portion of water that is lost 
to deep seepage (Haith and Shoemaker 1987). The "St" is the shallow saturated zone moisture. 
r = ...:...1.. In .Q_ 
t Q, 
In this equation Q, Q, and "t" are discharge after1ime, initial discharge and time respectively. 
From this point on the recession coefficient "r" will J:>e seen as. "R" to avoid confusion with 
the coefficient of determination value (r). Thus on :day "t" the total streamflow is equal to 
the sum of runoff "Qt" and groundwater discharge "Gt". The saturated zone level for "t+ l" 
is used to determine the next day's "Gt". 
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Nutrients 
GWLF describes both dissolveo and solid phase nutrient fluxes in streamflow. Monthly.Joads 
of nitrogen and phosphorus are: 
LDin = DPm + DRm + DGm + DUm 
LSm = SPm :t .srun + sum 
The first equation depicts the dissolved nutrient load (LDm) where DPm, DRm, DGm and 
DUm are point source, rural runoff, groundwater and urban runoff dissolved nutrient loads, 
respecµvely. The solid phase nutrients (LSm) are in the next equation where SPm, SRm and 
sum are solid-phase point .  source, rural :runoff and urban nutrient loads. These refer to the 
dissolYed and solid phase nutrients for month "m", all, in kilograms (Haith and -Shoemaker 
1987). 
Dissolved loads are obtained by mµltiplying runoff by dissolved concentrations. Solid 
phase nutrient. loads are given by the product of monthly sediment yields· and · average 
sediment nutrient concentrations. ·Sediment yield is generated by erosion from source areas 
using the Universal Soil Loss Equation (Wischmeier and Smith 1978) with the daily rainfall 
erosivity index (Richardson et al. 1983). Sediment yield is the product of erosion and the 
sediment delivery ratio (Haith 1985). 
Urban runoff mirrors the U.S. Army·Corps of Engineers' model STORM (Hydrologic 
Engineering �enter 1977). Runoff is calculated by the runoff curve equation. Nutri�nt 
accumulation on urban land use k at the beginning of day t .:f- 1 is given by 
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where" "nk" is the daily buildup of nutrient on land use k. (kg/day) and QNkt ii the nutrient 
removal by runoff (kg) and Nkt is nutrient accumulation (kg) on urban land use on day t . 
This removal is 
Q:Nki = w� (Nki + nk) 
The rate coefficient "wlci� is determined by the wash off function (Amy et al. 1974). 
wici = 1-.exp(-1.81 QkJ 
Transport Parameters 
Runoff curve numbers and evapotranspiration coefficients were the same as Haith and 
Shoemaker (1987). Soil lossiactors were given in several references (Wischmeier and Smith 
1978; .U.S. Soil Conservation Service 1972, 1987). The soil eroclibility factor "K" for each 
soil type was taken from the Soil Survey (SCS 1972). The "C" factor, which is the crop 
management factor, was obtained from the Wayne County SCS Technical Guide (U.S. Soil 
Conservation Service 1987). The "P" factor is the erosion control factor and was set equaf 
to. LO unless there were management practices, contour farming or terrace fcµming. 
Management practices were derived through talking with local farmers. The rainfall erosivity 
factor was taken from Richardson et al. (1983) and the sediment delivery ratio was obtained 
from the area-based relationship (Vanoni 1975). 
The groundwater recessipn coefficient was determined using standard hydrograph. 
separation techniques (Chow 1964). In general, two discharge values were taken one day 
apart during a recession for several hydrographs and averaged. There are no standard, 
techniques for deep seepage loss. The most conservative method is to assume deep seepage 
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loss lo equal zero; that is, all precipitation either leaves the watershed as evapotranspiration or 
streamflow (Haith and Shoemaker 1987). 
Chemical Parameters 
The default values for the model were kept the same as Haith and Shoemaker (1987). 
While GWLF can be most accurate when calibrated to local conditions I wanted to evaluate 
default values used in the model. 
Fleld Methods 
Model validation was accomplished by comparing model predictions with actual 
measured streamflow, sediment and nutrient values for the two year peribd, July. 1990 to lune 
1992. Daily precipitation_ and temperature values from the National Oceanic and Atmospheric 
Administtatioll's (NOAA) station at Sodus Center, NY (NOAA 1990, 1991, 1992) were'used 
in the model. 
Water Chemistry and Discharge 
Continuous discharge records were determined using a Campbell Scientific CRlO 
datalogger. Hourly readings of stream height were converted to discharge (cfs) using a third 
order polynomial. Nutrient and sediment samples were collected and analyzed by 
Makarewicz et al. (1991; 1992). Under baseflow conditions water samples were taken.at one 
week intervals. During hydrologic events water samples were taken hourly, composited into a 
hydrograph rise and fall using a Sigma refrigerated sequential sampler and analyzed 
(Makarewicz et al. 1991). 
1 'Total and dissolved phosphorus was measured using the automated (Technicon) 
colorimetric·ascorbic acid method.(APHA 1989). Persulfate digestion was:performed for total 
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phosphorus just prior to the ascorbic· acid method. Dissolved nitrogen (nitrate/nitrite) analysis 
vyas performed by the automated cadmium reduction method (EPA 1979). Total Kjeldahl 
Nitrogen analysis was done using a modification of the TechniCQn industrial method. 
, Event .loading was determined by adding up the ·hourly discharge for both rising and 
·falling limbs and multiplying them by their respective chemistries. For non-event periods,
hourly discharge was summed into a weekly discharge and multiplied by the respective
chemistry for the period (Makarewicz et al. 1991).
Watershed Data
Watershed boundaries were delineated using topographic highs as boundaries. Watershed 
area was derived using a U.S. Forest Service grid. Land use for the Sodus :East Creek 
watershed was determined using several different methods. The Wayne County Agricultural 
Stabilization and Conservation Service (ASCS), Soil Conservation Service (SCS) and the Soil 
and Wa�r Conservation District (SWCD) provided land use maps, aerial photography and tax
maps. However, not all land use could be determined by this manner. Aerial photography 
was sufficient in locating forest and orchards but was inadequate for crop land. The majority 
of crop land was determined by windshi�ld surveys (Massirer 1989). Land use was placed 
into the watershed file de&eribed in the previous section. For each land use in the watershed 
file soil type, percent slope and slope length were documented. 
Soil type was taken from the Soil Survey manual (U.S. Soil Conservation Service 
1972) for Wayne County. Each land group was assigned a soil type by locating the field or 
up of fields on a soils map sheet. The soil covering the most area was selected and placed 
the water�hed file. If tpere was .Jllore than one dominant soil for that particular lal\d use, a 
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multiple entry. was made. Thus if there were 100 hectares of com and more than one soil 
type dominated the area, an entry for each soil type was documented. Slope length was 
assumed to be the horiz.ontal distance between field boundaries measured in the direction of 
slope (Massirer 1989). Percent slope was the average value for each soil type and was taken 
from the SC� Field ,Office Technical -Ouide (U.S. Soil Conservation Service 1987). 
Additional information ,about manure spreading, conservation 'practices and tillage methods on 
agricultural land were obtained through the ASCS office and field observations. 
Results and Discussion 
Evapotranspiration Coefficients 
GWLF calculations of monthly evapotranspiration coefficients (ET) for Sodus East 
Creek watershed are in Table 1. As a check, one monthly coefficient was calculated manually 
to compare to the computer generated value and was found to be equal.-' . 
T bl 1 GWLFM thl 'E . a e . on ly :vapotransprration C ffi . oe c1ents 
Month Value Month Value 
July 0.866 Jan 0.562 
Aug 0.887 Feb 0.574 
Sept 0.930 Mar 0.585 
Oct 0.861 Apr . 0.617 
Nov 0.610 May -0.730 
Dec 0.567 June 0.819 
In additi�n, .monthly E'f coefficients for Sodqs East were compared to those from two 
other studies (fable 2). Kendig Creek (59% agricultural; 9% forested) (Haith 1992) and 
I 
Sampson Creek (55%. agricultural; 2% forested) (Haith t990)iare cotpparable to Sodus East 
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Creek (50% agricultural; 23% forested) in regard to land usage. Cover coefficients were 
exactly the same for all studies. As Table 2 indicates, the ET coefficients are comparable 
with no drastic changes within months between creeks. 
Tabl 2 M thl E . ti C ffi . ts Sod F.ast K d' d S e on ly ;vapotranspua on oe eten : us ; en 1 , an ampson C ks 
Month Sodus East Kendig Sampson Month Sodus East Kendig Sampson 
July 0.866 0.898 0.841 Jan 0.562 0.574 0.503 . .. 
Aug 0.877 0.865 0.858 Feb 0.574 0.597 0.532 
Sept 0.930 0.897 0.877 Mar 0.585 0.616 0.556 . .. 
Oct 0.861 0.851 0.819 Apr 0.617 0.684 0.595 
Nov 0.610 0.661 0.617 May 0.730 0.795 0.682 
Dec 0.567 0.585 0.516 June 0.819 0.889 0.782 
Runoff Curve Numbers 
Rynoff Curve numbers employed for the land uses are in Table 3., As a check of the 
program, curve numbers calculated �y the computer were compared to manual calculations 
(Table 4). There were no discrepancies between these. 
Table 3. Area Weighted Runoff Curves for Sodus F.ast Creek 
Land Use Curve Number Land Use Curve Number 
Manured Com 85.0 Barnyards 90.3 
Com 88.0 Forest 63.4 
Soybeans 86.7 Idle Rural 61.0 
Land 
Small Grains 82.2 Rural Homes 73.7 
Forage 74.3 Grassy Areas 39.0 
UnknownCrop 76.0 Roads/Hi ways 84.0 
Orchards 76.6 Unknown 79.4 
Pasture 80.6 Low Resident so:o 
11 
. r ree 
. . 
. 
Table 4. Computer vs. Calculated Runoff Curve Numbers for Sodus East Creek 
Land Use My Value Computer Land Use My Value Computer 
Manured Com 85.0 t 85.0 Barnyards 90.3 90.3 
. 
Com 87.9 ~ 88.0 Forest 64.1 63.4 
' 
' 
. 
Idle Rural Soybeans 86:7 
' 
86.7 61.0 61.0 
-
Land 
. 
' Small Grains 82.2 82.2 Rural Homes 73.7 73.7 
r ' Forage 74.3 74.3 Grassy Areas 39.0 39.0 
., . 
' UnknownCrop 7-0.0 16.9. Roads/Hiways. S4.0 84.0 
' Orchards 76.5 76.6 Unknown 79.4 79.4 
. 
Pasture 80.6 80.6 Low Resident 80.0 80.0 
· Precipitation and Temperature 
Total precipitation for the two year period (1990-1992) was 188.26 centimeters . 
. Precipitation was 0.96 centimeters higher in 1991 than 1992. Similarly, average daily 
temperatu're was higher in 1991 (10.12 °C) than in 1992 (9.05 °C). Daily values for both 
; precipitation and temperature are in Appendix C . 
. · Recession Coefficient (R) 
Recession coefficients were calcu.lated for seyeral months from event hydrographs as 
: demonstrated in Figure 2. Table 5 provides recession coefficients for several dates. The 
-· recession coefficient should correspond to the portion of ~oundwater that seeps out to become 
. streamflow. In the natural system, this value cannot physically be greater than 1.0. For all 
:' cases (fab~e 5) in Sodus East Creek, this was not exceeded. Due to the variability, several 
· hydrograp]ts were analyz.ed to obtain an average value. In conclusion, the recession coefficient 
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values determined for Sodus East Creek make sense based on the discharge measurements 
used. 
Table 5. Recession Coefficient Values for Selected Sodus East 
C kH d h ree Ly1 rograp s 
Date Q Qo t (days) R 
7/90 15.78 39.15 1 0.91 
1/91 235.10 434.70 1 0.61 
1/91 172.26 380.22 1 0.79, 
4/91 473.87 838.87 1 O.S7
12/91 143.76 214.40 1 0.39 
7/91 14.60 17.70 1 0.19 
2/92 229.80 530.80 1 0.84 
Average 0.61 
Land Use 
Sodus East Creek watershed is primarily agricultural (50.3 % ) followed by forest 
(23.4%) (Table 6). The primary crops are orchard and com. Unknown land uses were those 
that could not be identified through procedures described earlier. Urbaniz.ed land uses were 
confined to the townships of Rose and North Rose. 
Soils 
Table 6: Land Uses for Sodus 
East Creek Watershed 
Land Use Percent 
Agricultural 50.3 
Forested 23.4 
Unknown 14.4 
Rural 7.5 
Urban 4.4 
Twenty-nine different types of soils are documented for the watershed. Canandaigua 
silt loam (Ca) and Minoa very fine sandy loam (Mn) were the dominant types, about 24.9% 
and 18.2 % , respectively. Hydrologic soil groups are another classification scheme used in this 
13 
model: where ,A refers to a soil with low runoff potentlai. while D �fers tq Jµgh ll!noff 
potential. Within the Sodus F.ast Creek watershed, the various-USDA soil types are grouped 
; 
t 
into the following hydrologic soil groups A-D (11.8% A, 23.4% B, 37.9% <; and 26.8% D). -
Mooel Output' 
The GWLF model explained 44% (r ;;:: 0.44) of the total monthly variation in 
discharge for Sodus F.ast Creek (Tabi� 1). This poor descripµve accuracy was due in part to 
the underestimation of discharge by the model. Dischatge was -underestimated by an 
average of 74 % for all months but one (November 90). Comparisbn of dbserved and 
predicted discharge shows that the model does follow patterns of observed discharge in some . . 
instances.�igure 3). However, the extent to which underestimation� does n'ot warrant 
analyzin� these patterns. pue to the poor model <lescri\ltion of pischarge, nutrient and 
sediment predictions were not analyzed. The discrepancies associated with discharge 
,estipiation were investigated and assessed. 
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Table 7. GWLF Predicted vs. Observed Discharge for Sodus East Creek 
1990-92 Groundwater Runoff Streamflow Predicted 
Month (cm) (cm} (cm) (m3),, 
July 0 0 0 0 
August 0 0 0 0 
September 
I 
0 0 0 0 
October 3.8 2.3 6.1 1,887,948 
November 4.9 0.2 5.1 1,578,448 
December 7.1 0.3 7.4 2,290,298 
January 5.6 1.3 6.8 2,104,598 
February 3.2 1.0 4.2 1,299,899 
March 9.7 t9 11.6 3,590,196 
April 5.4 0.5 5.9 1,826,048 
May 1.3 0.1 1.4 433,300 . . 
June 0.4 0 0.4 123,800 
July 0 0 0 0 
August 0 0.1 0.1 30,950 
September 0 - 0.1 0.1 30,950 
October 0 0.0 0.0 0 
November 0 1.4 1.4 433,300 
December 5.1 1.6 ' 6.7 2,073,648 
January 5.1 0.7 5.8 1,795,098 
February 3.1 0.2 3.3 1,021,349 
March 8.1 2.8 10.9 3,373,547 
April 6.8 0.4 7.2 2,228,398 
May 2.9 0 3.0 928,499 
June 2.3 0.1 2.4 742,799 ' 
I Precipitation 
' . 
Observed 
(m3). 
389,383 
436,426 
287,355 
2,419,301 
1,354,373 
9,705,739 
6,275,995 
8,083,504 
7,003,427 
7,188,495 
4,634,186 
2,510,969 
1,120,204 
1,258,200 
1,396,021 
2,996,110 
4,172,903 
6:713,677 
2,518,941 
4,735,227 
4,552,801 
4,838,007 
2,318,371 
1,580,271 
. 
I 
The precipitation data from Sodus Center, NY was compared to data from ·Wolcott and 
I 
,Clyde, NY (Table 8) (NOAA 1990,1991,1992). Total precipitation for Wolcott and Clyde 
,were 196.52 and 190.58 centimeters, respectively. These data are slightly higher than that 
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from Sodus- Center (188.24 cm). When the precipitation. data from Wolcott and Clyde are 
used in the model, the model explained 53% (r = 0.53) and 37% (r = 0.37) of the variation 
in streamflow, respectively. Using av�rage precipitation for the three stations (Sodus Center, 
Wolcott and Clyde), the moder explained 49% (r = 0.49) of the variation. No major 
improvements in model output were obvious with precipitation values from other locations in 
the watershed. 
Tabl 8 M thl � . . . fro Sod C e . on ly ec1 ,1tatton m us enter, WI d Cl d Pree. . . S . o cott an Ly, e 101tation tations
1990-91 
July 
August 
September 
October 
Novemoer 
December 
. January 
February 
March 
April 
May 
June 
Sodus Cen 
4.80 
5.77 
6.50 
18.75 
6.45 
10.77 
' . 4.60 
4.42 
12.40 
8.26 
9.07 
2.82 
Model Manipulatioq 
Wolcott Clyde 
5.51 8.76 
7.01 7.49 
6.27 7.90 
18.19 17.68 
6.17 8.10 
12.04 12.95 
3.61 6.25 
3:30 3.30 
13.59 12.21 
10.52 10.62 
9.88 9.37 
5.05 1.65 
1991-92 Sodus.�en Wolcott Clyde . 
July 3.63 4.19 5.56 
August 9-.30 12.22 9.35 
September ,8.56 8.89 8.18, ' 
October 7.77 7.92 7.39 
November 8.56 8.20 1.54 
December 8.51 8.64 9.02 
January 5.89 4.80 4.83 
February 3.94 3.12 4.14 
March 11.18 8.56 8.94 
April 9.17 10.26 8.28 
May 9.22 9.27 6.32 
June 7.92 9.30 6.30 
The default parameters that affect discharge, runoff curve numbers and 
evapotranspiration coefficients, do not seem appropriate fof Sodus East Creek. The default 
values for chemist;ry aJ\d soil transport were not assessed because of the underestimation of 
discharge In an attempt to tmprove the predictive accuracy .of the GWLF model, parameters 
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. (recession coefficient and runoff ·curve numbers) assocfated ·with discharge were manipulated 
! I' as follows:
f I. R�sion coefficient (R) with precJpitation from various locations Sodus Center, Wolcott,
' I [ Clyde 'and.the average (Tables 9-12). 
I II. Area wei�hted runoff curve numbers (Table 3). increased by 10 for all land uses except 
' I j barnyards which was increased by 8. Simultaneo\isly; the recession c;oefficient anq 
f ' ! precipitation were changed ('fable$ 13 -16).
1· 
r m� Area weighted runoff curv� num�rs (Table 3) inc� by lp (20 total) for land uses;
r other forage, unknown crop, orchard, forest, idle rural land, rural homes, grassy areas and 
I 
i unknown land uses. Simultaneously, the recession coefficient and precipitation were changed 
[ (Tables 17-2Ql, 
Changes in the recession coefficient and area weighted ruJ!off curve :qumbers had very 
I little iiµ�t on mpdel pr¢ictive capabilities. In9fea8CS in runoff curve numbers htl(l an 
1. adverse �ffect on model predictions with Sodus �nter �$1 Wolcott precipitation. In con�t,
[ the chang,� slightly improved p�ictions when using Clyde and Average precipitation. With
,.
! runoff curve _numbers and the recession coefficient at maximum values, it appears that these
I are not the source of the problem.
I Table 9. Sodus C. Table 10. Wolcott Tabl 11 Cl d e . ly1 e Table 12. Average 
R r R r R r R r 
0.1 0.43 
0.4 0.43 
0.1 0.50 
0.4 0.50 
0.1 0.41 
0.4 0.36 
0.1 0.48 
0.4 0.48 
0.6 0.44 0.6 0.53 0.6 0.37 0.6 0.49 
0.9 0.44 0.9 0.53 0.9 0.37 0.9 0.51 
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Table 13. Sodus C. Table 14. Wolcott T bl 15 Cl d a e . ly1 e Table 16. Average 
R r R r R r· R r 
0.1 0.46 Q.1 0.52 0.1 0.45 0.1 0.50 
• 0.4 0.45 0.4 0.52 0.4 0.40 0.4 0.48 
0.6 0.44 0.6 0.52 0.6 0.39 - 0.6 0.49 
0.9 0.45 0.9 0.53 0.9 0.39 0.9 0.50 
Table 17. Sodus C .. Table 18. Wolcott Tabl 19 Cl d e tyi e· Table 20. Average 
R r R r R r R r 
0:10 0.29 0.1 0.45 0.1 0.52 0.1 0.56 
0.40 0.29 0.4 0.45 0.4 o.::i.8 . 0.4 0.54· 
o.ro 0.30 0.6 0.48 0.6 0.48 0.6 0.55 
0.90 0.30 0.9 0.48 0.9 0.48 0.9 0.55 
Baseflow and Event Predictions 
Baseflow and runoff event predictions wtTC compared with field measured data (fables 
21-22). The poor predictive accuracy of these two componen� suggests that the prpblem may
be associated with a parameter the ipodel has no control over such as prec!Pitation . .:_ Model 
accuracy was poor with both model parameters (recession coefficient and curve numbers) 
associated with discharge set at maximum values. W.ithout changing the mathematics l>c;hind 
, the model, no other parameters. <an be adjusted. The poor statistical description of baseflow 
, and. e.vents may also indicate that the model is not ·suited• for this system. However, the fact 
, that the model was off on both components (fables 21-22) suggests that the cause of 
' underestimation may be a non-model parameter such as precipitation or discharge. 
1,8 
I I I · I I I I I ,.______._____,,I I I II·-------------I 
I I I I ' I I ' 1 ' I 1:'-________ _____, 
I. . I I I I I I I ' I.______.:,_______. 
•. 
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f Table 21. Observed Versus Table 22. Observed Versus Predicted Runoff for Sodus. 
East Creek 
� Predicted Baseflow for Sodus 
� East Creek 
r2 Precipitation Precipitation . r2 . 
Sodus Center 0.18 Sodus Center 0.04 
Wolcott 0.09 Wolcott 0.36 
Clyde 0.15 Clyde 0.20 
Average 0.13 Average 0.32 
Potenfial Discharge 
Potential discharge is detennined by multiplying precipitation by the watershed area 
(Table 23). This is discharge that would exit the watershed if no evapotranspiration or deep 
seepa_ge took place. 
Table 23. Potential Discharge ·vm Precipitation and Watershed Area 
Station �ame Precipitation Watershed Area Discharge Actual Discharge 
(centimeters) (hectares) (meters3) (meters3)
Sodus Center 188.24 3,097 58,165,916 88,601,195 
Wolcott 196.52 3,097 60,724,557 88,601,195 
Clyde 190.S8 3,097 58,887,987 88,601,195 
Average 191.78 3,097 59,259,487 88,601,195 
As Tabie 23 indicates, there is an average difference between actual and potential discharge of 
29,341,708 cubic meters. Since the actual is greater than the potential, possible measurement 
problems in watershed area, discharge� precipitAtion or an outside water source were 
assessed. 
' Watershed Area 
If tlie watershed area was much larger than what was measured, predicted discharge 
', would be greater. This is because model output is in centimeters and must be multiplied by 
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* 4 ; ' 
water§hed area to obtain discharge. However, total area (3097 ha), independently determined 
in this study, was comparable .to .the area reported by (Makarewicz et .al. 1991,1992). (3045 
ha) and by Wayne County SWCD (3000 ha) (Williams 1992). 
Sod�Ditcb 
A man-made drainagC? ditch designed to move water south towards the ·Barge Canal 
exist.s near the watershe.d. There was a-question as to whether water flows from the ditch into 
the Sodus.East Creek watershedduring·high fu>ws. The.ditch originates in a wetland north of 
Kelsey Road in the southern most portion of the watershed. If the water in SQ.dus Ditch W.e{e
to flow north it w.ould not only increase the discharge but would increase watershed. area., 
Through field obserwtions and contact with SWCD officials (Smith 1992), the ditch was 
determined Qnly to move water south away from Sodus East Creek. 
Discharge:Measurement 
I 
Sodus ·East Creek changed hydrologically between years due to a fallen tree
downstream of the gaging station. The tree caused the average hourly sµ-eam height to 
increase while velocity decreased. This problem was c.orrected by establishing a new rating 
curve (Makarewicz .et al. 1992). After correction, stream height had increased from 0.52m 
(1991). to 0.75m (1992) while average discharge had decreased from 1.59 m3/s.(1991) to L21 
m3/s ,(1992). In addition, the bridge where &tream height is recorded was remeasured and 
there was a slight decrease in area from 9.7lm2 (1990) to 9.37m2 (19.93). However, this 
variability is most likely the result of measurement by different investigators. The .stream did 
change hydrologically between years. However, discharge measurement did not appear to be 
the problem. 
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Precipitation Measurement 
During analysis of data, Dr. Douglas Haith noticed that streamflow was higher than 
precipitation (Haith 1992). Average m�nthly streamflow (12.0 cm) was 4.16 cm higher than 
precipitation (7.84 cm). This discrepancy partially correlates with the problem of having 
actual discharge higher than potential. Since watershed area and Sodus Ditch have been ruled 
out as the source of the problem, precipitation measurement may be incorrect. Precipitation 
measurement was conducted by local residents 'for NOAA. This data was subject to error
ranging from missing records to combining records for several days. More importantly 
measurement could have been .affected by climatic conditions' near the gage. Hubbard (1992) 
suggests that winds oould have an�adverse effect on measurement. In fact� the main problem 
around the gage orifice is wind turbulence (Hewlett 1982). Koschmieder {1934) showed that 
winds could affect the ratio "Of catch to actual precipitation by as much as 50 % • 
Precipitation Correction 
There are many methods to correct for wind speed (Legates 1987), but they often 
require detailed information about climatic conditions around the precipitation gage. Climatic 
conditions, necessary for correction purposes, were lacking for the station at Sodus Center, 
NY. Instead a method was utili7.ed which employed the Koschmieder (1934) data (Table 24).
If the Koschmieder (1934) data is regressed, the equation for the line (y = -1.94779x + 
104.215?; i2 = 0.978) can be used to correct for wind. Wind speeds available from 
Rochester, NY (NOAA 1990-92) (Appendix C) can be used to calculate percent catch. 
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Table 24. Wind vs. % Catch 
Wind(mph) % Catch 
0 100 
4.4 96 
8·.9 90 
13.4 81 
17.8 71 
22:4 60 
26.8 49 
Example: Wind Speed 10 mph; .Precipitation 0.5 cm; 
y = -1.94779x + lo4.2155 
y = -1.94779(10) + 104.2155; y = 84. 74; % catch of precipitation 
1 - %catch = %missed; 1 - 0.847 = 0.153; 
0.5 cm * %missed; 0.5 cm * 0.153 = .08; 
15 .. 3 % missed 
0.08 cm not measured 
Corrected Precipi~tion; .0.5cm + 0.08 cm = 0.58 cm 
The model was re-run Osing t11e· wind co~tea precipitation data from 'the various 
ocations. Simultaneously the recession coefficient and runoff curve numbers (Table 3) were 
Wind corrected ,preci~itation for all months from various locations. Simultaneously the 
·on coefficient was changed (Tables 25-28). 
Wind corrected precipitation from various locations. Runoff curve numbers (Table 3) 
. ' 
reased 10 for all land uses except barnyards which was increased 8. Simultaneously the 
sion coefficient was changed (Tables 29-32). 
... / 22 
ill. Wind corrected precipitation from various locations., Runoff .curve numbers .{Table 3)
increased by 20 for land. uses; other forage, unknown crop, orchard, forest, idle rural land,
rural homes, grassy areas and ,unknown land uses. Simultaneously the recession- wefficient
f was changed (Tables 33-36)
'· 
I 
[: 
Table 25. Sodus C. Table 26. Wolcott
R r R r 
0.1 0.43 0.1 0.47
0.4 0.41 0.4 0.47
0.6 0.42 0.6 0.47
0.9 0.42 0.9 0.47
! Table 29. Sodus C. Table 30. Wolcott
R r R r 
, 0.1 . 0.42 0.1 0.50
0.4 0.41 0.4 0.50
0 . .6 0.41 0.6 0.49
0.9 I 0.42 ' 0.9 0.49
Table 33. Sodus C. Table 34. Wolcott
R r R r 
0.1 0.32 0.1 0.45• 
0.4 0.34 0.4 0.45 
0.6 . 0.34 . 0.6 0.46
0.9 0.35 0.9 0.45
Tabl 27 Cl d e . Ly1 e Tabl 28 A e . vera.ge
R r R r 
0.1 0.44 0.1 0.46
0.4 .. 0.37 0.4 0.43
0.6 o.�9 0.6 0.44
0.9 0.39 0.9 0.44
Table 31. Clyde Table 32. Average
R .. ,r R r 
-' 
0.1 0.44 0.1 0.48
0.4· 0.41 0.4 0.46
0.6 0.40 0.6. 0.46
0.9 I 0.40 0.9 0.46
TabL 35 Cl d e . Ly1 e Tabl 36 A e . vera.ge
R r R r 
0.1 0.50 0.1 0.48·
0.4 0.46 0.4 0.45
0.6 0.46 0.6 0.45·
0.9 0.45 0.9 0.45
· As Tables 25-36 indicate, correcting precipitation for winds for each month of the year did
not have a beneficial impact on predictive accuracy for the model. However, tl}e majority of
1;>recipitation falls puring the winter and spring months. Thus the next manipulation was
correcting for wind effects on precipitation for December through April only.
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I. Wind corrected precipitation from various locations for December through April.
Simultaneously the recession coefficient was changed (Tables 37-40). 
Il. Wind corrected precipitation for various locations for December through April. Runoff 
curve numbers (Table 3) increased 10 for all land uses except barnyards which were increased 
,. 
by 8. Simultaneously the recession coefficient was changed (Tables 41-44). 
m. Wind corrected precipitation for various locations for December through April. Runoff
curve numbers increased 20 for land uses; other forage, unknown crop, orchard, forest, idle 
rural land, rural homes, grassy areas and unknown land uses. Simultaneously the recession 
coefficient was changed (Tables 45-48). 
Table 37. Sodus C. Table 38. Wolcott 
r R R r 
0.1 0.50, 0.1 0.54 
0.4 0.49 0.4 0.56 
0.6 0:50 0.6 0.56 
0.9 . 0.51 0.9 0.56 
Tabl 39 Cl d e . lyi e 
R 
0.1 
0.4 
0.6 
0.9. ' . 
r 
().55 
0.51 
·o.51
Q.5$)
Table 41. Sodus C. Table 42. Wolcott T bl 43 Cl d a e .. Ly1 e 
R r R r R r 
0.1 0.48 0.1 0.57 0.1 0.56 
0.4 0,48 0.4 0.57 0.4 0.52 
0.6 0.49 0.6 0.57 0.6 0.52 
0.9 0.50 0.9 0.57 '1.9 0.52 
Table 45. Sodus C. Table 46. Wolcott Tabl 47 Cl d � . lyi e 
R 
o.i
0.4 . .0.6 
0.9 
r R 
0.32 0.1 
0.34 0.4 
0.34 0.6 
0.35 0.9 
r R r 
0.47 0.1 0.61 
0.49 0.4 0.58 
0.49 0.6 0.58 
0.49 0.9 0.57 
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. T bl 40 A a e . verage 
R 
. r 
. o.i 0.56, 
0.4 0.55 
0.6 0.55 
0.9 0.55 
Table 44. Average 
R r2 
0.1 0.57 
9.4 0.56' 
0.6 0.56 
0.9 0.57 
T bl 48 A a e . verage 
R r2 
0.1 ,o.56 
0.4 0.54 
. 0.6 0.53 
0.9 0.53 
' . I 
l 
I I 
I I I I I 
I · I · I I I· 
I I I ,___I ______,________.I _I ~~I I I 
Correcting precipitation for December through April did increase the predictive accuracy of 
the model to a high of 61 % •1 However there are several discrepancies that need to be 
addressed. First, the wind correction did not increase the mea:,ured precipitation at the Sodus 
Center, NY station substantially. However, average measured precipitation (9.08 cm) was 
still much lower than average measured discharge (12.0 cm). This is a problem because 
theqretically discharge should be lQwer than precipitation. Secondly, even though the 
predictive accuracy was inc�, the model was not accurately describing what is 
' I 
hydrologically occurring in the stream. For example
,. 
when the model was run using 
corrected precipitation and elevated runoff curve values, the model explained 61 % of the 
monthly variation in streamflow (Table 47). However, if predicted and observed discharge 
are broken down into two comJ?<>nents, runoff and groundwater, we_can see why th� model is 
not accu9ltely describing discharge (Table 49). Increasing runoff curve numbers resulte4 in 
less water infiltrating the soil, thus the mod�l predj.cts streamflpw as almost all runoff .. 
Increasing runoff curve numbers to near maximum vafo�, 98.6, resulted in a 4ecrease in 
predictive accuracy (Table 50). 
For example, in November 1990 GWLE model and measured discharge, runoff plus 
groundwater, were 4.1 and 4.37 cm respectively. However, when discharge is broken down 
into groundwater anp runoff components we see lite discrepancy. The model predicts 
groundwater and runoff as 22 % and 78 % respectively while measured groundwater and runoff 
actually comprised 100% and 0% respectively. In fact, the model predicts the oppposite of 
measured values 75 % of the time. These discrepancies will be discussed further in the 
following section. 
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Table 49. Percentages of runoff and groundwater betwe.en model and observed discharge 
Month Predicted Percent Predicted Percent Measure Percent Measure Percent 
GmdWat of Total Runoff of Total· Gmdwat of Total Runoff of Total 
(cm) Disch. (cm) Disch. (cm) Disch. (cm) Disch.
July 0 0 2.20 100 1.26 100 0 0 
Aug. 0 0 1.50 100 1.41 100 0 0 
Sept. 0 0 1.30 100 0.93 100 0 0 
Oct. 0 0 7.00 100 ).37 43 4.45 57 
Nov. 0.90 22 3.20 78 4.37 100 0 0 
Dec. 4.80 45 5.80 55 11.35 36 19.99 64 
Jan. 3.00 34 5.80 66 14.32 70 5.94 30 
Feb. 1.80 33 3.70 67 19.05 73 7.05 27 
Mar. 4.20 39 6.60 61 8.79 39 13.83 61 
Apr. 5.40 50 5.40 50 9.38 39 14.19 61 
May. 2.20 42 3.10 ·s8 14.16 95 0.80 5 
June 0.60 67 0.3Q 33 7.02 86 1.09. 14 
July 0 0 1.20 100 3.96 97 0.03 3 
Aug. o· 0 2.90 100 3.56 97 0.13 3 
Sept. 0 0 2.00 100 5.45 98 0.13 2 
Oct. 0 0 1.90 100 9.41 100 0 0 
Nov. 0 0 3.20 100 12.69 100 0 0 
Dec. 0 0 4.20 100 20.01 95 1.10 5 
Jan. 0 0 4.10 100 6.87 88 0.98 12 
Feb. 0.90 20 3.50 80 13.30 95 0.84 5 
Mar. 3.40 37 5.70 63 16.21 99 0.20 1 
Apr. 3.70 45 4.50 55 9.74 74 3.41 26 
.May. 2.60 55 2.10 45 6.20 81 1.48 19 
June 0.16 6 1.50 94 4.39 93 0.32 7 
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Table 50. Statistical 
comparison of model 
predictions with curve 
numbers at maximum 
. value. 
Station r 
Sodus 0.15 
C. 
Wolcott 0.18 ' 
Clyde 0.18 
Average 0.25 
General Discus.§ion 
Scientists have developed models for parameters such as water yield, runoff and 
nutrient loading (Haan 1972; Donigian et al. 1977; Haith and Shoemaker 1987). Due to the 
· impact phosphorus and nitrogen have on eutrophication processes (Schindler 1971; Schindler
et al. 1971; Dobson et al. 1974), models were developed in conjunction with the preservation
and restoration of natural waters (Auer et al. 1986; Canale and Effler 1989). Models have
proven to be useful in water quality management if structured for a specific problem
• (Reckhow et al. 1985). With the success of modeling, many organi7.ations are increasing
. efforts to model phosphorus and nitrogen due to the high cost and long time needed to obtain 
reliable data on nutrient losses in runoff (Sharpley et al. 1982). 
bne problem with modeling is the lack of validation. Validation tests the accuracy of 
the model against a second, independent set of field data (Beck 1983). There are no 
: guarantees that a model will automatically conform to a particular system. More over, 
. Findesien et al. (1978) stated that a model can never be completely validated but rather can be 
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invalidated. Testing model accuracy, prior to implementation, &an lead to sa\jngs of both 
tim� and mon�y. Many scientists have shown predictive capabilities of 11utri.eht .m<>Jlels. 
Sharpley et .al. (1982) unplemented a model that accurately predicted mean annual soluble and 
particulate phosphorus �ncentratiOJls in ruru>ff. Cohn et al. (1992) �howed that-there were no 
statistically significant .changes. �een model and observed phosphorus and nitrogen 
co�ntrations entering Chesapeake Bay. In contrast, Foy (1992) found that a model 
consistently underestlma� lake phosphorus levels. 
In .Sodus :East �k, the GWLF model explained an average of 44 % ·of the tot.al 
monthly variation in streamflow. Model predictability was increased fO a.average high of 
58% (Tabk 47) when model �e.ters associated with diScharge were manipulated while 
precipitation. was co�ted for wind. .However,�, stated earlier, the increase in predictive 
accuracy does not represent what is hydrologically �urring on the waters�. Model 
I 
predictipns and observed readings .may be similar from a total discharge perspectiv� as in 
November 1990. However, if total discharge is broken down into runoff and groundwater the 
discrepancy becomes apparent. As in the case of N�vember 1990 the model described 
discharge as almost all runoff when in actuality iLwas all groundwater. The cause of this was 
increasing runoff curve values. 
Several ai:eas that potentially affected the underestimation of discharg.e ·were 
inv�tigated and assessed.. There were two general categories that defined these areas·, model 
and non-model. If the GWLF model was not performing, or if it :was inadequate for this 
particJJlar system, the predictiye accuracy could have been affected. Non-model areas were 
those that the model had no control over, precipitation or discharge measurement. Published 
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literature documents different problems when dealing with models. For example, a model1 
developeo to predict epilimnion chlorophyll concentrations (Dillon and Rigler 1974) failed 
becau� it did not account for seasonal cycles of total phosphorus and soluble, :reactive 
phosphorus. In addition, a model used for predicting chlorophyll levels did not account for 
large variations in measured chlorophyll concentrations (Ahlgren et al. 1988). Stauffer 
(1985) concluded that prediction bias for a phosphorus model (Oglesby and Schaffner 1978) 
was due to regional differences in hydraulics. 
Both sources of error, model and non-model, were assessed in this study. The GWLF 
model performance was tested manually and compared to other studies ·On West Branch 
Delaware River and Kendig Creek. In addition, Haith (1992) ahalyzed model performance 
and found it satisfactory. However, as stated earlier, measured discharge was 4.16.cm 
higlier than precipitation. The difference between these, led to investigation of hydraulic 
charaeteristics within the watershed. These were precipitation measurement, watershed area, 
discharge measurement and an additional water source. Watershed area and discharge 
measurement were both excluded as possible negative impacts on model predictive accuracy. 
It is well known that the total precipitation that falls on a watershed is divided into 
various co�ponents of the hydrologic cycle (Hewlett !982; Linsley et al. 1982). 
Precipitation measurement was undoubtedly affected by winds, corresponding water 
equivalents and gage operator error. The wind correction utimed for this ·study did increase 
precipitation and the model's predictive capabilities in some cases. Average monthly 
precipitation was increased from 7.84 to 9.08 cm. However, it was still below the average 
streamflow of 12.0 cm. For example, using the wind correction for December through April 
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increased model predicitive capabilities (r) from 0.44 to 0.50; 0.50 to 0.56; 0.36 to 0.51 and 
0:48 to.:0:55 for Sodus Center, Wolcott, Clyde and,Average precipitation, respectively. 
The possibility of a water source unaccounted. for by tlie model was seeI1lingly· ruled 
out .wlieri· Sodus Ditch was verified tQ flow south. However, the presence of a ,groundwater 
source. was pursued . .Kantrowitz and, Snavely (1982) documented .the aquifers of New York 
State. Several aquifers are located near the southern boundaries of Sodus :Ea.st Creek 
w.atershed (Figure 4). One. of these is located along·the southwest boundary, near Clyde 
NY. The second runs north-south through the township.of Rose NY. ·The "Rose" aquifer is 
partially within �e boundaries of Sodus East Creek watershed. These aquifers are composed 
priniarily of sand and gravel and have.yields of 15,�30,000 cubic meters per day·.and 
7,500:15,000 cubic meters per day respectively. ·The Rose aquifer·displays .a ·change in 
top_ograppic elevation from 137 meters to 124 meter, in a south-north direction. A 
characteristic .of. most aquifers is the presence of recharge and discharge zones. Recharge 
i.ones are normally located at topographic highs while discharge zones. are found at 
topographic lows (Fetter 1982). The discharge zone usually can be .found at or near the land 
surface.. If a percentage of this aquifer does discharge to streamflow, the underestimation 'Of 
streamflow could be partially explained. If .the "Rose" aquifer yield is subtacted ftym 
measured di�harge, original model predictions'increase.from r2 • 0.44 tor 0.46. HQwever, 
, this increase in predictability is minimal, and furthermore I can .not conclude if these.aquifers 
, contribute hydrologically to streamflow. 
ln;conclusiop, the inaccuracy of the model was a result 'of both model and hydrologic 
' discrepancies. We have eliminated discharge.measurement, watershed area, and �Sodus Ditch
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as possible factors leading to inaccuracy. The .other areas� tl\.e GWLF model, precipitation 
and aquifers, were investigated but no obvious conclusions could be reached. Altering model 
parameters associated with discharge had little or no affect on improving model predictions. 
In addition, GWLF model accuracy is poorest during the dry season, when discharge 
predictions are zero due to the groundwater portion of the model and this is an obvious flaw. 
Groundwater prediction is the product of the recession coefficient and the shallow saturated 
zone moisture level. During extended dry periods the shallow saturated zone moisture level 
goes to zero. This results in zero groundwater predicted. Furthermore, predictions for any 
given month may have substantial errors (Haith and Shoemaker 1987). The fact that measured 
discharge was higher than measured precipitation on Sodus East Creek cannot be ignored. 
Monthly discharge (12.0 cm) was substantially higher than average monthly precipitation (7.84 
cm), suggested an error in precipitation measurement (Legates 1987) or an outside water 
source. C�rrecting precipitation for winds had little affect on model predictions. In addition, 
the aquifers located near the southern boundary may impact model inaccuracy. However, as
stated earlier, to what extent these had on model inaccuracy remains unanswered. 
These problems raise several research possibilities. Since Sodus Bay is still a highly 
productive body of water (Makarewicz et al. 1992), it might be wise to do one of two things. 
First, develop a model that accurately describes Sodus East Creek nutrient loading. The 
model would only be utilized on Sodus East Creek and would have to fit all the hydraulic 
characteristics of the watershed. Reckhow and Simpson (1980) recommend that models 
constructed for a specific climatic zone only be applied to lakes in that area. Secondly, 
Makarewicz et al. (1992) recommended that a simulation model be developed for Sodus Bay. 
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This model could be used to predict the results of a Best Management Practice within Sodus 
Bay watershed. I think pursuing any one of these suggestions could only benefit the water 
quality monitoring program in Wayne County, �. 
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Figure I: Sodus Bay and its Tributaries (Makarewicz et al. 
1991) 
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• Yields 15 .. 000 - 30.,000 cubic meters/day
� Yields 7.,500 -15.,000 cubic·metcrs/day 
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Appendix A 
Sodus East Creek Data Files 
1. LUGROUPS.DAT: This file contains land use groups by codes and includes the name
and grouping of each land use group. This file contains the land use groupings that you
might find in the watershed of study. A =  agriculture; F = forest; R = rural;- U =: urban
LAND USE THREE LETTER SYMBOLS FOR LAND 
GROUPNAME INDIVID, LAND USES IN GROUP CLASS 
manur rocrop cor veg sun sor manured row crops 
other smlgrn oat wht brl rye bwt A other small grains 
barnyards byd A 
orchd/vineyd ore vin A orchards/vineyards 
forest for F 
rural homes rhm tpk R rural homes; trailers 
commercial com bus u 
2. SOILS.DAT: This file contains the two letter mapping symbol, USLE K factor (soil
erodibility factor), and the hydrologic soil group for each soil. The hydrologic soil group
gives the runoff potential for a particular soil, A = low runoff potential and D= high
runoff potential.
SOIL 
SERIES 
Aa 
'Ca 
El 
Hn 
Ov 
Te 
K 
FACTOR 
0.49 
0.49 
·0:11
0.32
0.37
0.49
HYDROLOGIC SOIL 
GROUP (A=l; ... ;D=4) 
1 Adrian muck 
4 Canandaigua silt loam 
2 Elnora loamy fine sand 
2 Hilton gravelly loam 
3 Ovid silt loam 
2 Teel silt loam 
3. CURVNUM.DAT: Contains the curve numbers for different combinations ofland
use, tillage method, land treatment, hydrologic condition and hydrologic soil group.
LAND USE 
TILLAGE 
METHOD 
manur rocrop Conven. 
Reduced· 
No�ll 
LAND HYDR. 
TREAIMENI COND 
Straight row pobr 
good 
Contoured poor 
good 
Terraced poor 
good 
Straight row poor 
good 
Straight row poor 
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HYDROLOGIC SOIL GROUP 
A B C D 
72 81 88 91 
67 78 85 89 
70 79 84 88 
65 75 88 86 
66 74 80 82 
62 71 78 81 
72 80 87 89 
66 77 84 87 
71 79 86 85 
4. C&CONC.DAT: This file contains the.USLE C, cover and management, factors and
runoff nutrient concentrations for rural land use groups and nutrient accumulation rates
for urban land uses. roe = row crop; smg = small grain; for = forage
--USLE C FACTORS----
FALL TILLAGE SPRING TILLAGE 
LAND USE TILL DEF- --FOLLOWING- -FOLLOWING-
GROUP NMffl METH AULT ROC SMG FOR ROC SMG FOR 
manur rocrop conv 0.34 0.41 0.42 0.22 0.30 0.30 0.17 
redc 0.23 0.22 0.25 0.12 0.18 0.23 0.10 
notl 0.08 0.05 0.09 0.01 0.05 0.09 0.01 
RURAL MANUR URBAN 
RUNOFF CONC RUNOFF CONC NUTR. ACCUM 
NITR. PHOS. NITR. PHOS NITR, PHOS
manur rocrop conv 2.9 0.26 12.2 1.9 
redc 3.15 0.40 12.2 1.9 
notl 3.4 0.54 12.2 1.9 
Runoff nutrient concentrations are expressed in units of milligrams per liter. Urban 
nutrient accumulation rates are in kilograms per hectare per .day. 
5. MISCELAN.DAT: This file contains parameters that cannot be calculated by the
input generator program
-1 a: Deep Seepage Coefficient: The fraction of water in the shallow staturated zone that 
is lost to deep groundwater each day. 
b: Groundwater Recession Coefficient: The fraction of water in the shallow saturated 
zone that seeps out to become streamflow each day. Determined by hydrograph 
separation techniques (Sodus East Creek value = 0.61). 
c: Sediment Nutrient Concentrations: Nitrogen and phosphorus concentrations in 
sediment. 
d: Manure Spreading Months: Beginning and ending of manure spreading. 
, e: Initial Values: The effect of initial values in negligible after a year of simulation. 
Because of this the values can be assumed to be zero for long term simulations. 
1. Depth of water in the unsaturated zone
2. Depth of water stored in shallow saturated zone
3. Initial snowpack depth
4. Antecedent moisture (rainfall+ snowmelt) for five previous days.
6. ETCOEFF.DAT: This file contains monthly evapotranspiration cover coefficients for
the various land uses. These are coefficients that are multiplied by the area of the
various land uses to give area weighted cover cofficients.
LAND USE MR MAY ruN ruL AOO m QCI NGY DEC.. JAN FER MAR 
manur rocrop 0.30 0.?0 0.62 0.77 0.94 1.14 1.02 0.30 0.30 0.30 0.30 0.30 
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AppendixB 
Watershed and Weather Files 
1. WATRSHED.WIL: This is a partial file of the detailed data base for Sodus East 
Creek watershed. 
Tract Farm Fld Land Hydr Soil Slope Slope Cons Tile Manr Till Prev 
..ru:L _lliL.. Jl2,. &m :um_ &mld ~ .00 1n&th.. ..imm. q .Jl2lll meth ~ 
149 600 1 26 cor p Ca 2 310 none n y ? ? 
149 600 2 28 wht p Ca 2 390 none n ? ? ? 
149 600 3 s unk ? Ca 2 390 none n ? ? ? 
149 600 4 18 cor p Ca 2 470 none n y, ? ? 
149 600 5 l3 pas p OnB s 310 none n ? ? ? 
149 600 7 s unk ? BIA 1 625 none n ? ? ? 
149 600 
-
17 unk ? Ca 2 780 none n ? ? ? 
149 600 - 5 for ? Ca 2 310 none n ? ? ? 
149 600 
-
25 for ? Ca 2 310 none n ? ? ? 
1437 476 1 30 ore p OaB 3 200 none n ? ? ? 
1437 476 2 33 ore p Ng 3 820 none n 7 ? ? 
1437 476 3 32 for p Ct 2S 860 none n ? ? ? 
1442 460 1 25 for ? Ca 2 150 none n 7 ? ? 
1442 460 2 33 cor ? Ca 2 860 none n ? ? ? 
2. WEATHERDAT: Daily precipitation and temperature follow each month. Average 
dally temperature in °c and precipitation in centimeters are inputed with a comma 
separating them. For example, on April 1 the average temperature was 4.5 °C and 0.5 
centimeters of precipitation fell. 
30 (Days of the Month: April) 
4.5,0.5 
7.8,0 
8.9,0 
10.S,l.3 
9.5,0.89 
5.0,0.3 
6.1,0 
4.3,0.0S 
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Appendix C: Daily Weather Conditions 
• Precipitation and Temperature from Sodus Center, NY
•• Wind Speeds from Rochester, NY
July 1990 Augult1990 September 1990 
Preclp. Temp. Wind Preclp. Temp. Wind Pnlclp. Temp. Wind 
Day cm celclus mph cm celclua mph cm celclua mph 
1 0.15 16.94 8.1 0.00 17.22 7.8 0.00 21.39 7.5 
2 0.00 18.89 7.4 0.00 19.17 8.2 0.00 22.50 10.3 
3 0.00 20.83 10.2 0.00 21.94 5.2 0.00 17.22 9.2 
4 0.00 28.11 19.9 0.00 25.00 8.7 0.00 17.50 5.9 
5 0.99 25.00 10.4 1.32 23.89 8.8 0.38 22.22 6.8 
8 0.00 2D.OO 9.3 0.03 2D.83 7.2 0.08 21.39 5.7 
7 0.00 15.58 8.7 0.00 2D.83 8.1 0.99 20.28 10.1 
8 0.00 18.89 7.8 0.00 19.17 8.1 0.00 12.50 8.3 
9 0.71 23.08 9 0.00 19.44 5.3 0.58 13.61 5.3 
10 0.00 18.89 10.1 0.00 21.94 5.5 0.00 20.00 8.2 
11 0.00 20.28 8.5 0.00 21.1't 5.4 0.00 19.72 7.3 
12 D.28 17.78 8 0.00 21.11 8.2 0.00 21.39 8.2 
13 0.00 18.67 8.9 1.55 19.44 6.1 0.00 22.22 5 
14 0.00 2D.28 8.1 0.28 18.81 9.1 0.94 17.78 11.1 
·15 0.71 24.72 8.9 0.00 20.28 8.8 0.00 15.58 13.5 
18 0.00 22.22 11.3 0.00 21.94 '8.1 0.00 10.28 7.7 
17 0.00 23.08 11.8 0.00 24.72 7 0.00 8.89 10.4 
18 0.00 2A.17 10.3 0.00 24.72 7.9 0.23 8.89 7.9 
19 0.00 24.11 7.5 2.08 21.94 13.4 0.00 13.33 5.8 
20 0.51 23.08 9.8 0.00 17.50 9.2 0.00 12.78 9 
21 G.25 22.22 8.4 0.10 19.17 9.2 0.18 12.78 5.3 
22 0.00 20.00 8.9 0.00 18.08 7 0.10 12.50 10 
23 0.76 18.81 8.1 0.00 21.11 6.1 0.08 12.22 12.4 
24 0.00 20.83 5.7 0.00 21.39 5.8 0.00 14.44 13.4 
25 0.00 20.28 8.4 0.00 21.39 4.8 0.97 18.39 9.2 
28 0.00 20.28 5.9 0.00 21.87 7 0.00 13.89 5.8 27 0.00 21.94 5.7 0.03 24.44 9.9 0.00 17.78 4.5 
28 0.00 23.08 5.2 0.00 23.89 10.8 0.00 15.83 5.8 
29 0.00 25.00 4.8 0.38 22.22 10.5 0.00 15.58 I 6.9 
30 0.00 25.28 7.6 0.00 17.78 5.1 1.96 15.28 9.2 
31 0.43 23.33 10.4 0.00 18.89 4.9 
Oclober 1990 November 1990 December 1990 
Preclp. Temp. Wind Praclp. Temp. Wmd Preclp. Temp. Wand 
Day cm celciua mph cm celclua mph cm celclm mph 
1 0.00 11.87 7.9 0.00 9.44 4.3 0.00 8.39 11.2 
2 0.00 13.61 11.5 0.00 14.44 11.1 0.00 1.39 8.2 
3 0.00 13.89 10 0.00 18.33 11.1 0.15 2.22 15 
4 1.35 15.28 12.3 0.00 15.28 10.8 1.98 2.50 16.6 
5 0.23 15.83 13.7 0;48 8.11 9.� 0.05 -3.33 14.3 
6 0.00 22.50 14.4 0.79 9.44 21.3 0.13 0.58 9.5 
7 0.00 21.67 7.9 0.05 4.17 8.1 0.18 1.39 6 
8 0.23 13.81 9.6 0.88 1.94 9.3 0.00 3.08 8.1 
9 0.97 13.06 9.2 0.00 0.00 6.4 0.00 3.33 12.2 
10 1.07 12.50 8.3 1.60 2.50 8 0.00 1.94 15.7 
11 3.89 14.44 6.3 0.69 2.78 18.8 0.00 -3.89 4.8 
12 0.30 11.94 3.6 0.05 0.58 17.2 0.03 4.44 7.4 
13 2.51 12.78 5.7 0.00 0.00 15.5 0.38 4.44 16.7 
14 0.08 13.33 4.7 0.00 1.87 7.8 0.03 -4.72 6.9 
15 0.00 12.22 11.8 0.00 10.58 12.7 0.00 -0.83 6.8 
18 0.00 10.83 8.8 0.00 17.22 13.8 0.28 1.39 10.5 
17 0.00 14.72 9.4 0.25 10.83 13.8 0.38 1.67 7.8 
18 4.08 18.94 15.9 0.00 0.00 7.& 0.48 6.67 10.4 
19 0.33 8.33 17 0.00 -2.78 5 1.37 0.00 9.5 
20 0.00 6.67 5.8 0.00 2.22 5.9 0.00 0.28 9.2 
21 0.00 10.00 9.3 0.00 4.44 4.7 0.13 8.33 8.:t 
22 1.02 12.22 8 0.00 9.44 8.5 0.41 12.50 5.7 
23 1.96 9.17 9.9 1.07 8.08 9.3 0.81 5.00 9.9 
24 0.05 ·9.17 6.2 0.00 5.00 12.5 0.64 -a11 14.3 
25 0.18 6.11 8.1 0.03 5.00 14.7 0.00 -a94 10.6 
28 0.00 8.11 11.4 0.00 1.67 6.4 0.00 -8.81 13.5' 
27 0.00 4.17 7.5 0.48 7.50 12.3 0.00 -9.72 7.4 
28 0.51 6.39 14.5 0.00 17.78 17.7 0.25 -1.11 8.2 
29 0.00 3.89 8.2 0.13 6.87 13.7 0.00, 9.17 10.9 
30 0.00 6.11 7.2 0.00 2.22 11 1.07• 5.5& 8.7 
31 0.00 5.83 5.2 2.29 -5.83 9.9 
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Appendix C: Daily Weather Conditions 
• Precipitation and Temperature from Sodus Center, NY 
•• Wind Speeds from Roch~ster, NY 
Janumy1991 February 1991 Marcll 1991 
Precip. Temp. Wind Preclp. Temp. Wind Precip. Temp. Wind 
Day c:m celclus mph cm celcka lnph cm celclue mph 
1 0.00 -5.28 8.3 0.41 -8.39 9.2 0.00 8.06 8.5 
2 0.00 -1.87 8.3 0.00 -0.28 12.9 0.53 14.44 11.2 
3 0.08 -2.78 9.7 0.00 8.94 13.8 2.08 6.94 14.7 
4 0.00 -5.28 11.5 o.oo 10.58 11.1 4.72 -0.28 10.8 
5 0.00 -5.28 4.8 0.08 8.67 9.8 0.15 1.38 8.9 
8 0.00 -0.58 5.8 0.00 2.50 5.8 0.00 11.87 11.2 
7 0.38 -4.72 8.5 0.68 3.08 8.8 0.89 4:44 23.5 
I 0.00 ·13.89 9.7 0.00 4.44 11.2 0.00 -5.00 11 
9 0.05 -3.08 11.7 0.00 2.22 13.8 0.00 -2.78 5.9 
10 0.00 -2.50 12.2 0.00 -2.22 10.7 0.00 -3.33 10.2 
11 <>.88 ·10.58 11.8 ,.02 -7.50 13 0.00 -4.44 11.7 
12 0.94 -4.72 9.3 0.00 -8.17 8.2 0.00 ·2.78 8.4 
13 0.00 -5.28 8.8 0.08 ·1.38 7.8 0.00 -2.50 7.7 
14 0.00 -5.00 9.2 0.74 0.28 8.8 0.00 0.00 10.7 
15 0.00 3.33 5.3 0.00 -8.81 15.9 0.10 3.08 10.3 
16 1.32 2.22 8 0.11 ·10.58 14.2 0.00 4.44 11.4 
17 0.00 2.78 14.7 0.00 -3.08 10.2 0.00 4.17 7.2 
11 0.00 0.28 18.4 0.00 ·1.94 8.8 0.38 5.28 8.8 
19 0.20 3.08 11.2 0.71 6.11 10.7 0.00 6.11 13.9 
20 0.03 2.22 11.9 0.23 1.67 14.7 0.00 3.33 10.4 
21 0.10 -8.81 9.7 0.00 ... 44 12 0.33 -0.28 8.9 
22 0.20 ·12.78 8.4 0.00 0.58 18.8 0.05 2.50 10.3 
23 0.00 -9.17 15.1 0.00 -7.50 9 1.40 4.44 13.1 
24 0.00 -4.44 14.4 0.00 -0.83 8.7 0.51 4.72 13.8 
25 0.08 ·10.00 8.8 0.00 ·1.94 8.5 0.10 3.89 9.7 
28 0.00 -8.81 9.9 0.00 -3.81 7.2 0.00 8.94 7.8 
'D 0.00 -2.78 12 o.ob -5.28 11.2 1.14 10.28 12 
28 0.00 -0.58 11 0.30 -2.50 7.8 0.00 11.94 26.8 
29 0.00 1.11 7.5 0.00 3.81 I 12.3 
30 0.20 -2.78 7.4 0.00 -0.83 10 
31 0.13 -6.11 18.9 0.00 0.83 6.9 
April 1991 May1991 June 1991 
Preclp. Temp. Wind Precip. Temp. wind Preclp. Temp. Wind 
Day cm celclue mph cm celcka mph cm celclua mph 
1 0.00 3.33 7.3 0.00 17.50 13.8 0.00 2o.58 7.7 
2 G.23 2.22 12.8 0.23 11.11 12.2 0.00 17.78 5.9 
3 0.00 1.94 8.7 0.00 7.50 14.4 0.00 18.08 9.4 
4 0.00 8.89 8.5 0.00 6.67 6.7 0.00 15.83 11.1 
5 0.05 10.83 10.9 0.00 7.78 10.3 0.00 15.00 7.8 
6 0.18 18.11 11.2 0.81 16.87 13.2 0.00 14.44 5.7 
7 0.00 19.72 17.9 0.61 11.67 17.3 0.00 17.22 6.1 
8 o.20 21.94 10.1 0.00 8.33 9.6 0.00 18.67 10.5 
9 0.53 14.44 10.3 0.13 10.00 4 0.00 18.08 5.4 
10 0.41 10.28 25.3 0.13 13.33 5.8 0.00 22.50 13.8 
11 0.13 3.61 18.2 0.00 14.44 7.2 0.46 22.50 10.9 
12 0.00 2.78 8.7 0.00 21.67 12 1.09 16.81 14.5 
13 0.00 5.00 10.7 0.00 20.58 8.7 0.00 13.118 9.7 
14 0.00 8.94 13.4 0.33 20.83 7.7 0.00 16.11 6.7 
15 1.24 9.17 18.8 0.00 15.28 4 0.00 22.78 12.8 
18 0.08 11.94 2o.1 0.00 22.22 7.9 0.08 24.44 13.3 
17 0.00 6.94 7 1.22 16.94 13 0.00 19.44 9.4 
18 0.00 8.94 6.2 0.13 9.44 12.8 0.00 19.72 5 
19 0.00 8.08 9.9 0.00 11.11 8.7 0.00 23.33 8.4 
20 1.70 7.22 10.7 0.00 13.89 8.9 0.00 23.33 9.6 
21 0.30 8.94 18.9 0.00 18.67 8.8 0.00 20.83 8.4 
22 2.54 3.00 14.5 0.00 19.17 6.5 0.00 18.88 12.3 
23 0.41 9.44 10.6 0.00 20.58 8.6 0.00 18.94 10.1 
24 0.00 9.72 9 0.00 23.33 11.3 0.00 17.22 6.6 
25 0.00 11.11 6.1 0.25 24.17 10.4 0.00 18.89 5.8 
28 0.00 13.89 4.5 0.88 23.88 7.1 0.00 21.67 7.8 
'D 0.00 15.28 4.3 2.97 20.83 8.5 0.00 25.83 11.5 
28 0.00 12.50 7.6 0.00 22.50 9 o.oci 28.11 14.3 
29 0.00 16.94 10.5 0.00 21.67 6.9 0.00 25.83 9.2 
30 0.25 20.00 14.3 0.94 21.67 9 1.19 17.78 8.7 
31 0.64 23.89 12 
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Appendix C: Daily Weather Conditions 
* Precipitation and Temperature from Sodus Center, NY 
** Wind Speeds from Rochester, NY 
July 11191 Augult1991 Seplember 1991 
Preclp. Temp. Wind ,. Preclp. Temp. Wind PNICip. Temp. Wind 
Der om celck.- mph Gffl celcka mph om celc:lua mph 
1 0.00 16.87 8.7 0.00 23.33 11.9 0.00 14.17 .. 9 
2 0.00 19.44 7.8 0.00 24.44 1o.3 0.00 15.28 8.9 
3 0.00 19.17 7.3 1.85 21.67 1.1 0.00 21.fi4 SU 
4 0.00 22.22 8.5 0.00 21.311 11.5 1.32 24.44 8.8 
5 0.97 22.78 7.2 0.00 19.44 12.9 0.00 11.IM, 5.f 
8 0.00 23.81 7.3 0.00 16.17 8 0.00 17.50 fl:9 
7 o.64 23.33 8.9 0.00 18.89 5.8 0.00 18.*1 8.3 
8 0.03 23.08 15.3 0.00 19.44 6.3 0.00 20.00 8.9 
9 0.00 20.83 7.5 3.48 19.72 9.8 0.00 21.17 5.7 
10 0.00 18.19 7.9 0.10 18.61 10.5 0.79 24.44 12.ls 
11 0.00 19.17 8.1 0.81 20.58 12.4 0.03 17.78 10 
12 0.00 20.28 1.e 0.00 20.83 1.2 0.00 13.fl 6.2 
13 0.31 18.33 9.7 0.00 21.17 8.5 0.00 14.44 5 
14 0.00 20.28 8.3 0.10 21.38 8.8 0.00 18.IM 7.3 
15 0.00 21.11 8.1 0.48 22.50 10.8 3.30 21.39 9.5 
18 0.00 2o.56 8.1 0.05' 24.17 9.3 0.00 27.22 12.8 
·17 0.00 24.44 11.8 0.64 24.72 11.5 0.00 23.f1 11 
18 0.00 28.39 u 0.30 23.81 9.1 0.00 19.44 8.7 
19 0.00 28.94 1D.4 0.00 2o.83 12.3 0.15 17.22 96.9 
20 0.00 28.33 11.3 0.61 18.94 8.8 O.Blil 10.28 8.4 
21 0.00 27.22 8.1 0.28 20.00 8.4 0.00 8.89 4.8 
22 0.71 25.00 1..1 0.00 21.17 10 0.00 12.22 7.8 
23 0.84 26.39 13 0.00 21.94 7.5 0.48 15.83 13.4 
24 0.00 21.11 9.2 0.00 20.00 8.9 0.00 12.22 9.1 
25 0.00 24.17 8.7 0.00 18.33 8.5 1.eo 11.67 7.3 
26 0.00 21.39 9.5 0.00 25.56 10.9 0.20 12.78 11.5 
27 0.00 17.22 7.4 0.00 25.83 11.1 0.00 9.44 12.4 
28 0.00 18.33 8.4 o.oo 25.58 8.1 0.00 8.08 8.9 
29 0.00 21.94 9.1 0.00 24.44 8 0.00 9.17 8.8 
30 0.00 23.08 8.9 0.00 26.17 10.8 0.00 7.50 7.1 
31 0.08 21.11 9.8 0.58 23.89 14 
Ocklbw1991 November 1991 Dec:ember 1991 
Preclp. Temp. Wind Preclp. Temp. Wind Preclp. Temp. Wind 
Der om celclua mph om ClllcltJe mph cm celolu9 mph 
1 0.41 15.83 8.5 0.00 8.08 8.4 0.00 11.94 8.9 
2 0.00 19.72 10.1 0.05 11.44 14 0.00 1.94 12.3 
3 0.23 19.72 9 0.00 3.88 11.8 2.29 1.11 12.8 
4 0.08 13.08 8.3 0.00 -0.83 9.9. 0.51 ·2.50 15.1 
5 0.25 21.67 13.3 0.00 o.58 7 0.94 -8.94 11.1 
8 1.47 15.58 13.1 0.00 1.87 t1" 0.69 -4.44 8.5 
7 0.00 7.50 13.4 0.28 3.06 8.3 o.oo. 0.58 18 
8 0.00 11.39 9.5 1.32 ·1.39 8.8 0.00 10.00 7.8 
9 0.00 13.33 11.4 0.00 -0.83 4.8 0.00 8.89 10.1 
10 0.81 13.33 8.1 0.00 -2.78 8 0.00 3.61 5 
11 0.00 8.17 3.7 2.18 2.22 11.5 0.00 3.33 9 
1i 0.13 7.22 4.3 0.25 1.94 7.7 0.00 3.81 8 
13 1.07 8.08 8..2 0.20 3.33 9.i 0.25 10.28 8.3 
14 0.00 8.11 7.7 0.00 8.87 7.1 0.13 5.28 15.4 
15 1.47 11.87 7.1 0.84 8.94 12.3 0.00 0.00 17.1 
18 1.04 8.33 8.9 0.00 7.78 14.1 0.53 -6.39 7.6 
17 0.00 7.50 5 0.00 0.28 6.1 0.18 -;IS.81 11.8 
18 o.oo 11.11 9 0.00 1.87 5.8 0.13 -4.72 12.1 
19 0.53 9.17 10.5, 0.08 13.89 8.2 0.00 -9.17 8.T 
20 0.13 5.83 7.9 0.00 18.11 11.1 0.00 -4.72 8.2, 
21 0.00 8.11 8.5 0.38 9.72 8.0 0.15 1.39 11.9 
22 0.00. 11.94 6.9 0.00 7.'Zl. 7.4 0.00 2.50 12.9 
23 o.qo 15.58 9.1 0.41 6.67 5.3 0.15 3.06 10.5 
24 0.00 18.89 9.8 0.48 8.11 14.3 0.05 ·2.78 7.8 
25 0.00 20.28 9.1 0.00 1.11 19.9 0.10 -3.81 8.8 
26 0.00 20.28 6.1 0.30 -0.58 7.8 0.00 -4.17 6.8 
27 0.10 17~ 12.5 0.00 .0.58 10.4 0.00 0.28 8.4 
28 0.05 9.17 14 0.00 4.72 12 0.00 -2.22 2.~ 
~ 0.00 4.44 7.8 1.50 3.06 8.2 2.21 '0.55 8.3 
30 0.00 3.61 6.3 0.28 12.22 15.9 0.20 ·1.11 8.7 
31 0.00 6.94 6.2 0.00 -5.58 2.7 
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Appendix C: Daily Weather Conditions 
* Precipitation and Temperature from Sodus Center, NY 
** Wind Speeds from Rochester, NY 
January 1992 February 1992 March1992 
Prec:ip. Temp. Wind ~ Temp. Wind Precip. Temp. Wind 
Day cm celclua mph cm celolua mph cm celciua mph 
1 0.00 •2.78 4.9 0.00 -4.44 10.4 0.08 -3.06 16.5 
2 0.00 -3.06 3.5 0.20 -5.56 6.4 0.00 .1.39 10.4 
3 0.00 3.33 6.5 0.00 -5.00 5.8 0.00 •1.39 5.3 
4 0.48 2.22 6.6 0.05 -4.17 12.8 0.00 o.58 4.5 
5 0.23 2.78 8.7 0.25 -3.33 11.9 0.00 4.72 5.5 
8 0.00 1.94 11.4 o.oo -5.00 6.7 0.05 6.39 13.8 
7 0.08 1.67 11.2 0.00 ·1.11 8.2 1.75 8.11 7.2 
8 0.08 •2.50 8.8 0.25 -3.33 11.1 0.30 4.72 4.8 
9 0.38 -0.56 12.1 0.18 -9.72 12 0,00 7.78 6.5 
10 0.00 2.22 9.9 0.00 ·10.00 8.7 0.30 12.78 18.3 
11 0.00 -4.44 8.8 0.00 ·1.87 14.2 0.94 2.22 15 
12 0.00 ·1.11 7.8 0.00 ·11.87 6.3 0.41 -8.81 20.3 
13 o.38 2.78 7.3 0.00 ·10.00 5.5 0.66 -7.78 15.3 
14 0.30 0.83 17.5 0.33 -0.83 5.8 0.84 -4.44 12.9 
15 0.99 -9.72 9.8 0.38 1.87 8.3 0.28 •7.22 11 
18 0.48 ·13.33 11.8 0.10 3.08 14.9 0.15 •7.78 10 
17 0.05 ·7.50 17.8 0.00 -0.28 7.7 0.00 -3.33 18.1 
18 0.05 -7.78 22.1 0.28 3.08 7.7 0.00 -5.28 5.1 
19 0.10 ·12.22 13.5 0.18 5.83 11.9 0.00 -0.58 9 
20 0.08 -8.08 7.2 0.00 2.78 9.4 0.00 -3.33 10.8 
21 o.25 •2.78 11.8 0.00 0.83 12.2 0.00 -3.08 7.4 
22 0.00 -8.39 9.6 0.30 •2.22 3.3 0.48 -8.87 9.9 
23 1.75 1.39 13.1 0.23 0.56 7.7 0.00 -8.94 7.2 
24 0.08 ·1.67 22 0.41 ·1.39 10 0.00 -3.89 7.4 
25 0.05 ·11.11 7.8 0.10 1.94 9.5 0.00 1.39 8 
28 0.10 -8.89 7.8 0.15 1.39 10.3 0.81 6.94 8.4 
Z1 0.00 -5.28 5.5 0.13 1.87 18.3 4.14 3.06 14.4 
28 0.00 ·1.87 4.5 0.43 0.28 13.8 0.38 ·1.87 15.7 
29 0.00 -3.06 12.5 0.00 2.78 I 11.3 
30 0.00 ·1.67 8.5 0.00 2.22 3.3 
31 0.00 0.83 12 0.00 3.89 9.2 
April 1992 May1992 June1992 
Preclp. Temp. Wind Preclp. Temp. WNld Preclp. Temp. Wind 
Day cm celciua mph cm celciue mph cm celciua mph 
1 0.15 1.67 10.3 0.23 7.78 7.1 2.08 12.50 8.6 
2 0.00 0.83 11 1.35 16.11 14.4 0.05 15.83 6.1 
3 0.13 0.28 14.2 2.11 11.94 13.8 0.00 18.81 8.4 
4 0.00 1.39 7.5 0.00 8.08 6.4 0.00 19.72 6.2 
5 0.00 1.87 14.8 0.00 8.33 5.8 0.15 21.11 9.6 
6 0.00 2.50 7.8 0.00 5.83 3.5 0.28 19.17 5.7 
7 0.10 8.89 12.6 0.00 9.72 4.9 0.08 20.56 4.3 
6 0.00 9.72 8.6 0.00 11.39 5.9 0.74 20.00 9.5 
9 0.00 5.00 5.3 0.25 16.94 8.5 0.00 16.39 7.9 
10 0.00 5.83 9.7 0.00 17.22 4.8 0.00 16.11 7.6 
11 2.11 5.28 7.7 0.00 15.28 4.6 0.00 16.39 6.8 
12 0.00 5.28 15.7 0.00 20.56 7.1 0.00 18.61 7.6 
13 0.00 0.00 7.4 0.00 20.28 9.1 0.00 22.22 10.6 
14 0.00 0.83 6.7 0.00 11.39 6.1 0.00 24.17 9.2 
15 0.00 1.39 7.4 0.00 11.39 6.7 0.00 17.78 10.5 
16 2.11 3.61 10 0.00 18.33 7.4 0.00 13.61 6.4 
17 1.22 5.28 8.6 0.00 21.11 10 0.00 19.72 9.2 
18 0.61 4.44 7.7 2.03 18.33 9.2 0.00 24.44 11.5 
19 0.03 11.39 9.2 0.00 13.06 3.5 2.21 20.83 9.1 
20 0.00 17.22 11.8 0.00 17.78 6.9 0.15 15.28 9.9 
21 0.36 18.61 9.8 0.00 15.56 4.7 0.05 10.28 10.3 
22 0.53 17.78 9.3 0.00 18.06 7.3 0.41 11.67 12 
23 0.00 11.67 9.5 0.00 21.67 13 0.00 12.22 6.7 
24 1.22 . 8.33 7.8 0.56 13.89 12.5 1.35 17.78 7.3 
25 0.08 7.78 7.8 0.00 5.56 8.8 0.00 17.22 6.6 
26 0.46 6.94 6 0.33 7.50 5.6 0.00 16.11 5.7 
27 0.00 7.50 6.7 0.66 10.00 9.3 0.41 16.94 8.1 
28 0.00 7.78 7.4 0.00 10.83 6.8 0.00 17.22 6.2 
29 0.00 8.06 7.1 0.00 11.94 6.4 0.00 20.28 7.6 
30 0.08 9.17 5.8 0.18 13.06 8.7 0.00 19.17 6.9 
31 1.52 13.89 8.1 
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